Introduction
Low birthweight remains a significant public health problem in the United States. Low birthweight (defined as a weight of less than 2500 g at birth for a live-bom infant) has declined very little over the past several decades and is even on the rise among some high-risk groups.' Much research has focused on individuallevel risk factors for low birthweight; individual-level models, however, have been able to explain only a small proportion of the overall variability seen for birthweight.2 Moreover, it is increasingly being recognized that environmental factors contribute to the risk of low birthweight. [3] [4] [5] [6] [7] Previous studies of low birthweight have been limited to individual factors in their conceptualization of social risk.89 Social risk, however, should also include environmental stressors, which shape individual vulnerability and resistance to risk factors for health. Analyses that include both individuallevel and macrolevel data-referred to as contextual or multilevel models-have several advantages.21 First, multilevel analytic methods are more consistent with social theories than are traditional methods of analysis (e.g., ordinary regression) in that they explicitly accommodate the multiple levels of data.22 Second, multilevel methods can contribute new knowledge to our current understanding of public health issues by allowing for the inclusion of macrolevel factors in our current explanatory models, thereby bridging the micro-macro gap by increasing our understanding of how contextual factors translate into differences in individual-level risk. [23] [24] [25] Further, these methods may eliminate potential confounding of individual-level explanatory models due to the omission of macrolevel factors. 23 '26 Finally, by improving our understanding of how contextual factors influence individual health outcomes, we will be better equipped to design effective intervention strategies. '9'20 The analysis presented here is part of a larger study looking at indicators of neighborhood and social risk for poor pregnancy outcome in Baltimore, Md. We were specifically interested in answering the following questions about multilevel analyses and the study of risk factors for low birthweight: (1) Are neighborhoodlevel variables directly related to an increase or decrease in risk of low birthweight? (2) Do individual-level risk factors for low birthweight behave differently depending on the characteristics of the neighborhood in which a woman resides? (3) 
Results
The final multilevel model is shown in Table 2 . Although nonsignificant variables were retained for adjustment purposes (see Table 2 (Because unemployment is centered at the city mean of 7%, we multiply the unemployment beta by 2 rather than 9 to obtain the unemployment effect of 9%.) In contrast, for neighborhoods with an unemployment rate of 5%, or 2 percentage points below the city average, the log odds of low birthweight associated with later prenatal care initiation is 0.261 (e-2(-.017) + 227) (OR = 1.30). These numbers suggest that in low-risk neighborhoods, as measured by low unemployment, the protective effect of early initiation of prenatal care is stronger than it is in higher-risk neighborhoods. The association between prenatal care initiation and risk of low birthweight for three neighborhoods with different unemployment rates is displayed in Figure 1 .
Trimester of prenatal care initiation is not as strongly related to the risk of low birthweight in neighborhoods that have a higher unemployment rate. A summary of the direct and interaction relationships of the macro-and individual-level risk factors for low birthweight is presented in Figure 2 .
Discussion
Public health researchers and professionals should be as much concemed with social risk factors as they are with individual-level risk factors. Until more research is dedicated to the study of individuals within the contexts in which they live and work, the relative importance of targeting individual or contextual factors to improve health will remain unknown. Past studies have suggested that larger social factors may be more important than individual-level risk factors in producing adverse health outcomes.35
Our findings indicate that including macrolevel social factors in studies of low birthweight is useful for obtaining better explanatory models. We found that indicators of social stratification, particularly per capita income, were directly related to the risk of low birthweight in Baltimore. This finding suggests that future efforts aimed at reducing low birthweight might be more effective if efforts are made to target macrolevel social factors rather than, or in addition to, the usual individual-level factors (e.g., health behaviors, early initiation of prenatal care).
Our indicator of community empowerment, the number of community groups per census tract, was not associated with low birthweight. While the number of active community groups is a crude indicator of community empowerment, we had expected this factor to have a protective effect against low birthweight. Our analyses indicate that there is substantial interaction between macrolevel factors and individual-level risk factors for low birthweight. Indicators of social class, and environmental stressors such as poor housing conditions and high crime and unemployment rates, were found to modify the relationship between individual-level risk factors and low birthweight. This finding has implications for the design of policies and interventions for improving pregnancy outcomes. For example, previous policy and intervention recommendations were based primarily on individual-level analyses alone.36 '37 Such analyses may overestimate the importance of changing individual-level risks as a strategy to reduce low birthweight. Our analyses support this idea. For example, although our findings agree with previous studies that show that early initiation of prenatal care reduces the risk of having a low-birthweight infant, our findings indicate that this protective effect varies by residential context. In high-risk neighborhoods, as indicated by average wealth or unemployment rates, the protective effect of prenatal care was diminished. In lower-risk neighborhoods, the benefits of early initiation of prenatal care were more substantial. Thus, when the design of policies or interventions is based only upon individual-level analyses, the benefits of interventions aimed at increasing earlier initiation of prenatal care, which are usually targeted toward highrisk populations, may be overestimated.
Although with most of our interaction effects higher-risk environments diminished the protective effects of individual attributes, not all macrolevel factors behaved consistently. For example, the protective effect of early initiation of prenatal care was greatest for women living in neighborhoods with high levels of housing violations. This suggests that the mechanisms of macrolevel risk factors for low birthweight and possibly other adverse health outcomes are complex. Consideration of a wide variety of environmental stressors and characteristics would be important in future studies.
Future studies might include both individual-and neighborhood-level variables of the same social factors (e.g., mother's income and average income of families in a census tract). These variables do not necessarily measure the same construct.2' For example, high levels of persistent neighborhood poverty or unemployment may indicate a lack of political and economic empowerment and resources that affects all persons living in that neighborhood, independent of their own poverty or unemployment status.
Our study used routinely available data as sources for our indicators of social risk. The rationale behind the use of routinely available data was to develop useful indicators that might easily be incorporated into future studies of maternal and child health. However, researchers should not overlook the possibility of developing and using a more comprehensive set of social indicators. For example, to investigate community empowerment we might have included other indicators that are not necessarily routinely available. Such indicators might include satisfaction with neighborhoods, social cohesion, voting patterns, presence of social programs, intervention programs targeting pregnant women and new mothers (e.g., Healthy Start), and churches or church-based programs. A more comprehensive set of indicators for housing conditions might include crowding,38 ' We have shown that multilevel models should be used in future analyses of maternal and child health outcomes; software is becoming accessible and data on contexts are routinely available. Such modeling methods can not only facilitate the development of better explanatory models but can form the basis of better policy and intervention design. Z
